INTRODUCTION
licheniformis NCIMB 11143, a known guaiacol-producing strain, was obtained from the National Collection of IndusAcidophilic thermophilic bacteria, particularly Alicyclotrial and Marine Bacteria. Liquid cultures were grown in bacillus acidoterrestris (Deinhard et al. 1987 ; Wisotzkey et al. commercial UHT orange juice purchased from a local retailer 1992 ; Webster et al. 1996) , have been implicated in recent and the isolates were maintained on Orange Serum Agar juice spoilage incidents in the UK and Germany. This organism (OSA) (Difco). is resistant to pasteurization, capable of growth at a wide range of temperatures and can produce guaiacol and other taint chemicals. Currently, little information is available con-
Method development
cerning the incidence and levels of A. acidoterrestris in concentrates, juices and final products.
Using A. acidoterrestris 2498, a range of media and temThe drinks that are most susceptible to this bacterium are peratures were used to assess the ability to recover this organism. either fresh (not heat-treated) or pasteurized (but not UHT Of the five agars assessed in this preliminary study, nutrient heat-treated) and stored unpreserved at ambient temperaagar and tryptone soy agar failed to support growth. The tures. Industry needs to develop suitable methods for detectthree other agars, BAM (bacteriological analytical methods), ing and enumerating A. acidoterrestris in concentrates and PDA (potato dextrose agar) and OSA (orange serum agar), juices. If present, they can then be diverted for use in more all supported growth and were investigated further. As the robust product formulations, thereby reducing the risk of bacterium grew at a range of temperatures from 25 to 44°C, spoilage.
the upper temperature was chosen for further work to prevent the growth of some competitive organisms.
MATERIALS AND METHODS
Enumeration method. Using A. acidoterrestris 2498, the Four apple concentrates and four apple juice products acidoterrestris was examined by heat treating a spore susreceived from the USA were analysed using both the prespension at different temperatures and assessing survival rates.
ence/absence and enumeration methods for A. acidoterrestris.
Growth and taint production RESULTS

Alicyclobacillus acidoterrestris 2498 and B. licheniformis 11143
Method development
were inoculated into orange juice, apple juice and a noncarbonated fruit juice-containing drink at low numbers (20-Preliminary investigations showed that A. acidoterrestris grew 2000 cells l −1 ) by use of a syringe to introduce a small volume over a range of temperatures from 25 to 44°C. A temperature of diluted overnight cultures into the products. Orange and of 44°C was chosen for the tests as it is semi-selective for this apple juice were purchased as sterile products (1 l packs) group of organisms. A range of media and method types from a local retailer. Inoculated products were stored at a (pour and spread plate) were compared for ability to recover range of temperatures ; 4°, 25°, 35°and 44°C. At intervals A. acidoterrestris. The results showed that OSA gave the up to 21 d, inoculated products were removed and assessed optimum recovery and that spread plates were better than by odour for taint and for numbers of A. acidoterrestris by pour plates (Table 1 ). The enumeration method developed spread plating on OSA. Samples showing taint by aroma were was as follows : then analysed by GC-MS and at this point the spoilage
(1) 0·2 ml of product spread onto OSA plates ; trial was stopped. Product/temperature combinations not (2) plates incubated at 44°C for 48 h ; showing taint were incubated for up to 21 d.
(3) count colonies as presumptive A. acidoterrestris.
For the presence/absence method, samples were pre-incu-
GC-MS analysis
bated at 44°C for 48 h prior to streaking a 10 ml volume onto OSA plates. These plates were then incubated at 44°C for 48 Four hundred ml of drink diluted to 700 ml with Milli-Q water was continuously extracted over 4 h with dichloroh and any growth considered as a presumptive positive for A. acidoterrestris. methane (500 ml) using a liquid-liquid extractor (Supelco). The organic phase was dried over sodium sulphate and concentrated to a volume of 1·0 ml under vacuum. Identification Spores of individual components in the drink extracts was achieved using gas chromatography-linked mass spectrometry (GCMicroscopy showed that ca 90% of A. acidoterrestris recovered from OSA plates incubated for 7 d at 44°C had sporulated. MS) with a Hewlett Packard 5890 Series II gas chromatograph coupled directly to a VG Trio 1S mass spec-
The effect of heat treatment at 80°C for 10 min, which kills vegetative cells, also showed that ca 90% of the cells had trometer. The column used was a fused silica capillary column (60 m×0·32 mm i.d.) coated with an immobilized medium sporulated. Heat treatment at 95°C for 30 s resulted in a reduced viable count and a 92% kill of spores (Table 2) . polarity stationary phase (Stabilwax DA, d.f. 0·5 mm). The extract (1·0 ml) was introduced into the column by splitless
The growth rate of A. acidoterrestris as an inoculum of spores was compared with an inoculum of vegetative cells in injection and chromatographed with a temperature gradient ------------------------------------------------------------------------ ------------------------------------------------------------------------ --* Counts were made after 48 h at 44°C. Surface colonies on spread plates were larger and easier to count than pour plates. BAM, Bacteriological analytical methods, USA ; PDA, potato dextrose agar ; NA, nutrient agar ; OSA, orange serum agar ; TSA, tryptone soy agar.
--------------------------------------------------------------------------Count per ml with media type* ------------------------------------------------------
orange juice incubated at 44°C, the pre-incubation temthe 18 fresh juice products analysed were positive in the presence/absence test for this bacterium. Alicyclobacillus perature for the presence/absence test. The results showed that, apart from a slightly longer lag phase, after 24 h, there acidoterrestris was detected in all four USA apple juice samples (some at high numbers) and one of the four apple juice was no difference in cell numbers achieved whether spores or vegetative cells were used as the inoculum (Fig. 1) .
concentrates (Table 4) .
Identification of A. acidoterrestris Growth and taint production
The presumptive A. acidoterrestris colonies on OSA after The results of the storage trial of orange juice, apple juice incubation at 44°C were Gram-positive rods, with or without and non-carbonated fruit juice-containing drink inoculated spores. API 5OCHB biochemical test strip results for A. with A. acidoterrestris are given in Table 3 .
acidoterrestris were inconsistent at both 37°C and 44°C. This Alicyclobacillus acidoterrestris was able to grow at 25°, 35°m ethod was not considered suitable for identifying A. acidoand 44°C (but not 4°C), and it produced high levels of terrestris.
guaiacol and taint at all three temperatures and in all three
Alicyclobacillus acidoterrestris 2498 and an isolate from a products. The taste threshold for guaiacol is ca 2 ppb and fresh juice gave two different RiboGroup pattern sets within levels of over 100 ppb were detected. Cell numbers of ca the genus Alicyclobacillus, 102-232-5-6 and 102-232-5-7. 1×10 5 ml −1 were required before A. acidoterrestris produced sufficient guaiacol to cause a detectable taint in the products.
DISCUSSION AND CONCLUSIONS
At this level, bacterial spoilage may not be visibly detectable Data presented show that methods for both detecting and in clear products.
enumerating A. acidoterrestris in fruit juices, juice conBacillus licheniformis was not able to grow in any of the three products under test, guaiacol was not produced and taint did not develop.
Survey of juices, concentrates and products
Alicyclobacillus acidoterrestris was not isolated from any of the 56 commercial UHT fruit juice products analysed. Five of ------------------------------------------------------ 
Heat treatment
Count per ml  ----------------------------------------------------- ------------------------------------------------------------------------ ------------------------------------------------------------------------- centrates and finished products have been developed. The enrichment method has a lower detection limit of ca 1 cell Table 4 Results of enumeration and presence/absence tests for per 100 ml and the enumeration method 5 cells ml −1 . The
------------------------------------------------------
--------------------------------------------------------------------------
Alicyclobacillus acidoterrestris in USA apple juice and apple enrichment method takes 4 d to complete and the enujuice concentrates meration method 2 d to achieve a count of presumptive A.
------------------------------------------------------
acidoterrestris. 
Spores of
------------------------------------------------------
multiply to levels of ca 1×10 3 or greater to give a positive * Concentrates were diluted 1 : 6·5 with sterile distilled water prior to testing. Count relates to diluted juice.
result. The presence/absence test is therefore a better indi-
